Two novel marine luminous bacteria, LC2-047 T and LC1-908, were isolated from seawater in Sagami Bay in Japan and an equatorial area, respectively. The cells are Gram-negative, rod shaped and motile with one polar flagellum. These bacteria are oxidase-positive and catalase-positive, and are able to grow in 0.5 6% NaCl (optimum 3 5%) and at temperatures of 10 37 C (optimum 25 30 C). Phylogenetic analysis based on 16S rRNA gene sequences indicated that these bacteria were closely related to Vibrio azureus (99.4% sequence similarity) and Vibrio parahaemolyticus (99.3%). DNA DNA hybridization demonstrated that LC2-047 T and LC1-908 were conspecific and clearly separated from the closest relative with less than 60% DNA DNA hybridization similarity. Multilocus sequence analysis (MLSA) using six loci (gyrB, pyrH, gapA, ftsZ, mreB, and recA) showed that these bacteria are included in the Harvey clade. Additionally, these strains differ from the closest related Vibrio species by the utilization of glucose, mannitol, inositol, sucrose and amygdalin and production of esterase (C4), lipase (C4) and acid phosphatase. The major fatty acids are C 15:0 iso 2-OH and/or C 16:1 ω7c, C 16:0 , C 18:1 ω7c, C 14:0 , C 15:0 , C 17:1 ω8c and C 12:0 . The DNA G+C content of LC2-047 T and LC1-908 were 43.8 and 43.7 mol%, respectively. On the basis of the polyphasic taxonomic evidence presented in this study, it is concluded that strains LC2-047 T and LC1-908 belong to the same genospecies and represent a novel species of the genus Vibrio, for which the name Vibrio sagamiensis sp. nov. is proposed. The type strain is LC2-047 T (=NBRC 104589 T = KCTC 22354 T ). The family Vibrionaceae includes six genera: Vibrio (Baumann and Schubert, 1984) , Photobacterium (Baumann and Baumann, 1984) , Salinivibrio (Mellado et al., 1996) , Grimonita (Thompson et al., 2003a) , Enterovibrio (Thompson et al., 2002) and Aliivibrio (Urbanczyk et al., 2007) . Several species of the genus Vibrio are ubiquitous in aquatic environments, especially in the ocean, and are often isolated from various organisms ranging from plankton to fish (Thompson et al., 2003b) . A recent molecular biological technique based on Multilocus sequence analysis (MLSA) showed that genus
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Two novel marine luminous bacteria, LC2-047 T and LC1-908, were isolated from seawater in Sagami Bay in Japan and an equatorial area, respectively. The cells are Gram-negative, rod shaped and motile with one polar flagellum. These bacteria are oxidase-positive and catalase-positive, and are able to grow in 0.5 6% NaCl (optimum 3 5%) and at temperatures of 10 37 C (optimum 25 30 C). Phylogenetic analysis based on 16S rRNA gene sequences indicated that these bacteria were closely related to Vibrio azureus (99.4% sequence similarity) and Vibrio parahaemolyticus (99.3%). DNA DNA hybridization demonstrated that LC2-047 T and LC1-908 were conspecific and clearly separated from the closest relative with less than 60% DNA DNA hybridization similarity. Multilocus sequence analysis (MLSA) using six loci (gyrB, pyrH, gapA, ftsZ, mreB, and recA) showed that these bacteria are included in the Harvey clade. Additionally, these strains differ from the closest related Vibrio species by the utilization of glucose, mannitol, inositol, sucrose and amygdalin and production of esterase (C4), lipase (C4) and acid phosphatase. The major fatty acids are C 15:0 iso 2-OH and/or C 16:1 ω7c, C 16:0 , C 18:1 ω7c, C 14:0 , C 15:0 , C 17:1 ω8c and C 12:0 . The DNA G+C content of LC2-047 T and LC1-908 were 43.8 and 43.7 mol%, respectively. On the basis of the polyphasic taxonomic evidence presented in this study, it is concluded that strains LC2-047 T and LC1-908 belong to the same genospecies and represent a novel species of the genus Vibrio, for which the name Vibrio sagamiensis sp. nov. is proposed. The type strain is LC2-047 T (=NBRC 104589 T = KCTC 22354 T ). The family Vibrionaceae includes six genera: Vibrio (Baumann and Schubert, 1984) , Photobacterium (Baumann and Baumann, 1984) , Salinivibrio (Mellado et al., 1996) , Grimonita (Thompson et al., 2003a) , Enterovibrio (Thompson et al., 2002) and Aliivibrio (Urbanczyk et al., 2007) . Several species of the genus Vibrio are ubiquitous in aquatic environments, especially in the ocean, and are often isolated from various organisms ranging from plankton to fish (Thompson et al., 2003b) . A recent molecular biological technique based on Multilocus sequence analysis (MLSA) showed that genus Vibrio comprises 14 distinct clades: Anguillarum, Cholerae, Coralliilyticus, Diazotrophicus, Gazogenes, Fischeri, Halioticoli, Harveyi, Nereis, Nigripulchritudo, Orientalis, Scopthalmi, Splendidus and Vulnifi cus (Sawabe et al., 2007) . Now Fischeri clade is regarded as genus Vol. 56 YOSHIZAWA et al. Aliivibrio (Urbanczyk et al., 2007) . In particular, members of the Harveyi clade are known to be closely related to one another and it was reported that MLSA is powerful tool for discrimination (Fukui and Sawabe, 2007; Thompson et al., 2007) . In adition, several Vibrio species have been known to contain luminous strains (Dunlap and Kita-Tsukamoto, 2006) . However most Vibrio species are non-luminous and the evolutionary history of luminous bacteria is not clear. The aim of this study was to determine the taxonomic position of luminous strains LC2-047 T and LC1-908 by a polyphasic taxonomic approach that included multilocus sequence analysis (MLSA), chemotaxonomic characterization, DNA DNA hybridization and physiological properties.
Strain LC2-047 T (NBRC 104589 T ) and strain LC1-908 (NBRC 104590) were isolated from seawater, obtained from Sagami Bay (lat 35 00 N, long139 20 E; depth, 10 m) during the KT-05-16 cruise of R/V Tansei Maru (Ocean Research Institute, The University of Tokyo, and Japan Agency for Marine-Earth Science and Technology [JAMSTEC]) on July 20, 2005 and an equatorial area (lat 00 05 N, long170 00 E; depth, 50 m) during the KH-04-5 cruise of R/V Hakuho Maru on March 5, 2005, respectively. The samples were filtered through a polycarbonate filter (pore size of 0.2 μm) (Whatman International, Ltd., Maidstone, UK), which was then placed on half strength marine agar 2216E (Difco) and kept at 20 C. Luminous colonies grown on the agar plate were isolated with sterile toothpicks utilizing a CCD camera (ATTO Bioscience & Technology, Tokyo, Japan) and transferred to new marine agar 2216E plates for isolation. The isolates were repeatedly purified and stored at 80 C in marine broth containing 20% (v/v) glycerol.
Cell morphology and flagella were observed using atomic force microscopy (model SPM-9500 J2, Shimadzu) as was described before (Nishino et al., 2004) . The temperature range for growth was determined by incubating the isolates on the marine agar 2216E (Difco). The growth on different NaCl concentrations [0.5 10% (w/v)] was determined on tryptone soya agar (Difco). The growth pH range was determined using the marine agar 2216E after adjusting the pH to 4, 5, 6, 9, 10, 10.5 and 11 using HCl or NaOH. The temperature range, pH range and NaCl range for growth were determined after 2 days incubation. Catalase activity was determined by bubble formation in a 3% (v/v) H 2 O 2 solution. Oxidase activity was determined by cytochrome oxidase paper (Nissui Pharmaceutical). API 20E and API ZYM strips (bioMérieux) were used to determine physiological and biochemical characteristics. API 20E and API ZYM were read after 48 h incubation at 20 C and 6 h incubation at 20 C, respectively. All suspension media for API test strips were supplemented with 2% (w/v) NaCl solution (final concentration). Cellular fatty acid composition (MIDI system) was carried out as described previously (Xie and Yokota, 2003) . The cells were grown for 48 h at 20 C on plates of marine agar 2216E for fatty acid analysis.
DNA was prepared according to the method of Marmur (1961) from cells grown on marine agar 2216E and the DNA base composition was determined by using an HPLC method (Mesbah et al., 1989) . DNA DNA hybridizations were carried out with photobiotin-labeled probes in microplate wells as described by Ezaki et al. (1989) . The hybridization temperature was set at 43 C. A fragment (approx. 1,500 bp) of the 16S rRNA gene was amplified from the extracted DNA by using bacterial universal primers specific to the 16S rRNA gene (27F and 1492 R) (Lane, 1991) . The genes encoding urydilate kinase (pyrH), a cell division protein (ftsZ), a rod shaping protein (mreB), DNA gyrase β subunit (gyrB), glyceraldehyde 3-phosphate dehydrogenase (gapA), and DNA recombination protein (recA) were used for multilocus sequence analysis (MLSA) . PCR primers for the six genetic loci and reaction conditions were used according to Sawabe et al. (2007) and Thompson et al. (2005) . To test the evolutionary relationships of the genus Vibrio, phylogenetic analysis was performed with the program MEGA4 (Tamura et al., 2007) and Phylip3.67 software developed by Dr. Joe Felsenstein (http://evolution. genetics.washington.edu/phylip.html). Multiple alignments of the sequences were performed using CLUSTAL_W (version 1.6) (Thompson et al., 1994) . Distances were calculated using the Kimura two-parameter model (Kimura, 1980) . Clustering based on the neighbor-joining method (Saitou and Nei, 1987) , maximum-parsimony method and maximum likelihood method were determined using bootstrap values based on 1,000 replications (Felsenstein, 1985) . Sequence data of other Vibrio species from online electronic taxonomic scheme for vibrios (http://www. taxvibrio.lncc.br) and GenBank were used in this study.
The 16S rRNA sequence analysis indicated that LC2-047 T (NBRC 104589 T ) and LC1-908 (NBRC 104590) belong to the genus Vibrio ( Figs. 1 and 2 V. alginolyticus, V. campbellii, V. mytili, V. natriegens, V. parahaemolyticus, V. rotiferianus and V. azureus (Sawabe et al., 2007; Yoshizawa et al., 2009) (Fig. 3 and Fig. 4) . Both analyses showed that the closest neighbor is V. azureus NBRC 104590 T (Table 1 and 2). It has been proposed that MLSA is a powerful method for identifying species belonging to Vibrionaceae and can be an alternative of the current standard DNA DNA hybridization method. So far, Thompson et al. (2005) concluded that strains of the same species in Vibrionaceae have at least 94% pyrH gene sequence similarity and Sawabe et al. (2007) (Stackebrandt and Goebel, 1994) , which is distinct from any known Vibrio species.
Strain LC2-047 T and LC1-908 grow on TCBS (Thiosulfate Citrate Bile Sucrose) agar as green colonies. These strains grow on marine agar as luminescent and unpigmented translucent colonies. On the basis of the API 20E and API ZYM tests, strain LC2-047 T and LC1-908 can be discriminated from other Vibrio species. In contrast to most of their phylogenetic neighbors, these strains can produce esterase (C4), lipase (C4) and acid phosphatase but cannot utilize glucose, mannitol, inositol, sucrose, melibiose or amygdalin (Table 3 and description). The predominant cellular fatty acids of strain LC2-047 T and LC1-908 are C 15:0 iso 2-OH and/or C 16:1 ω7c (38.6 and 36.5%), C 16:0 (15.1 and 15.3%), C 18:1 ω7c (13.7 and 12.3%), C 14:0 (8.2 and 7.8%), C 15:0 (4.4 and 5.1%) and C 17:1 ω8c (3.6 and 5.2%). The profiles of the eight tested strains are similar (Table 4) , but strain LC2-047 T and LC1-908 differ by the absence of the fatty acid C 12:0 3-OH, which is present in related species, and the presence of C 17:0 ω6c, which is absent in related species.
Morphological, cultural, physiological and biochemical characteristics of LC2-047 T and LC1-908 are given in the species description or are shown in Table 3 and Fig. 5 . These results showed that the strain LC2-047 T and LC1-908 are closely related to the Harveyi clade, but differentiated from these species based on the phylogenetic analysis and DNA DNA relatedness level, as well as several phenotypic traits. Therefore, strain LC2-047 T (=NBRC 104589 T ) and LC1-908 (=NBRC 104590) should be identified as a novel species in the genus Vibrio, for which the name Vibrio sagamiensis sp. nov. is proposed.
Description of Vibrio sagamiensis sp. nov.
Vibrio sagamiensis (sa.ga.mi.en sis. N.L. adj. sagamiensis referring to Sagami Bay, the place of isola- This tree was derived by the neighbor-joining method. Numbers at nodes denote the level of bootstrap based on 1,000 replications; only values greater than 50% are shown. Alteromonas macleodii was used as an outgroup. Scale bar, 1% estimated sequence divergence. Vol. 56 YOSHIZAWA et al. tion).
Gram-negative, oxidase-positive, catalase-positive and motile by single polar flagellum. Cells are approximately 1.0 μm wide and 1.7 2.0 μm long, with coccoid rods. Circular with entire margin, non-pigmented, translucent, luminescent colonies on marine agar with weak swarming. Circular, 5 7 mm green colonies in TCBS agar. Growth occurs in the presence of 0.5 to 6% (optimum 3 5%) NaCl (w/v), but not at 8 or 10%; grows at 10 37 C (optimum 25 30 C), but not at 4 C; grows at pH 6.0 10.5 (optimum pH 7.0 8.0). These cells are facultative anaerobes. Positive for indole production. Negative for H 2 S production from sodium thiosulfate. Nitrate is reduced to nitrite but not further to N 2 O or N 2 . Gelatin, Tween 20, Tween 40, Tween 60 and Tween 80 are hydrolyzed. Starch is not hydrolyzed. Positive enzyme activities are seen for alkaline phosphatase, esterase (C4), esterase-lipase (C8), lipase (C4), leucine-arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Negative enzyme activities are seen for arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase, valine-arylamidase, cystine-arylamidase, trypsin, chymotrypsin, α-galactosidase, β-galactosidase, β-glucuronidase, α-glucosidase, β-glucosidase, N-acetyl-β-glucosaminidase, α-mannosidase and α-fucosidase. In addition, this species were discriminated from close relatives based on the production of esterase (C4), lipase (C4) and acid phosphatase and the utilization of glucose, mannitol, This tree was derived by the neighbor-joining method. Numbers at nodes denote the level of bootstrap based on 1,000 replications; only values greater than 50% are shown. Photobacterium leiognathi and Photobacterium phosphoreum were used as an outgroup. Scale bar, 2% estimated sequence divergence. Vol. 56 YOSHIZAWA et al. Fig. 4 . Phylogenetic tree based on the concatenated gene sequences of the six loci (2,949 bp). This tree was derived by the maximum-parsimony method. Numbers at nodes denote the level of bootstrap based on 1,000 replications; only values greater than 50% are shown. Photobacterium leiognathi and Photobacterium phosphoreum were used as an outgroup. Scale bar, 100 substitutions. Values are percentage similarity between 16S rRNA gene sequences. All results are based on the pairwise analysis of 14 sequences. Analyses were conducted using the Kimura 2-parameter method in MEGA4. All positions containing gaps and missing data were eliminated from the dataset. There were a total of 1,273 positions in the final dataset. . coralliilyticus LMG 20984 T 84.5 84.4 85.4 87.5 87.4 86.9 86.7 88.9 86.4 87.6 86.4 86.8 86.0 87.3 100.0 16 V. neptunius LMG 20536 T 84.3 84.3 85.1 86.5 86.8 86.3 86.0 89.8 86.0 86.4 86.4 85.9 85.5 86.8 93.7 100.0 17 V. mytili LMG 19157 T, a 84.2 84.0 85.7 87.6 86.8 87.4 88.4 85.9 88.1 85.7 87.1 84.7 84.7 85.2 84.7 84.3 100.0 Values are percentage similarity between concatenated six loci (gyrB, pyrH, ftsZ, mreB, gapA, and recA) gene sequences. Analyses were conducted using the Kimura 2-parameter method in MEGA4. All positions containing gaps and missing data were eliminated from the dataset. There were a total of 2,949 positions in the final dataset.
a These strains are included in the Harveyi clade according to Sawabe et al. (2007) . 
